In the present study, we examined the relationship between cell phenotype and cell survival of three human non-small cell lung carcinoma cell lines (A549, NCI-H596 and NCI-H520). Cells in exponential growth at various densities were incubated for 24 h at 37ºC in a 5% CO 2 humidified atmosphere and then exposed to UV radiation for 1 min (256 nm, 40 W, source-to-target distance 100 cm). After two days the surviving cells were quantified by sulforhodamine ß staining and DNA fragmentation assay. The differences in UV sensitivity at 60 x 10 3 cells/cm 2 among the cell lines were not related to the proliferative state of the cells but to the extent of intercellular contact. In contrast to A549 and NCI-H596, irradiated NCI-H520 cells presented lower DNA fragmentation and an aggregated cell culture phenotype even prior to confluence, suggesting that a contact-effect mechanism provides further protection against UV radiation.
Introduction
Cell phenotype and intercellular contacts are intimately related to cell behavior. Cells sense environmental stimuli and respond via morphological modulation (1) . For example, it is well known that DNA synthesis gradually stops as cells become confluent and that mitosis continues for some time after cellcell contact (2) . According to Chen et al. (3) , cell shape compression of confluent cells controls this contact-dependent growth inhibition rather than cell-extracellular matrix contacts or integrin receptor mobilization. The progressive loss of cell shape-and/or cell contact-dependent regulation may lead to the uncontrolled pattern of growth typical of malignant neoplasia (4) . However, a number of transformed cell lines continue to exhibit some degree of contact regulation, since isolated tumor cells are far more sensitive to a variety of chemotherapeutic agents than small cell clusters, regardless of the cell cycle distribution or cell proliferative status (for a review, see 5). Moreover, previous studies have shown that the loss of intercellular contact can activate death signals in colon carcinoma (6) and T lymphoma cells (7) . Death, triggered by the loss of cell-cell contacts, could serve as a physiological tumor control mechanism by deleting these aberrant cells. Therefore, intercellular adhesion potential and cell culture phenotype might be comparative standards of malig-nancy among tumor cells.
We have shown that cell phenotype modulation can interfere with the kinetic growth of three human non-small cell lung carcinoma cell lines (8) . In spite of the inherent differences among the cell lines (i.e., coupling potential, growth kinetic, UV sensitivity) we observed that the simulation of an equivalent cell culture phenotype leads to equivalent cell behavior.
In the present study, the tumor phenotype of the same three non-small cell lung carcinoma cell lines (A549, NCI-H596 and NCI-H520) was examined on the basis of the cell distribution inside the cultured area. These cells were irradiated with UV light at several densities and one density was identified at which the cell lines displayed the highest differences in UV sensitivity (60 x 10 3 cells/ cm 2 ). At this density, cells exhibited enhanced resistance only in aggregated cell cultures since dispersed cells presented intense DNA fragmentation.
Material and Methods
The human non-small cell lung carcinoma cell lines A549, NCI-H596 and NCI-H520 were obtained from the American Type Culture Collection (Rockville, MD, USA). All cell lines exhibit squamous differentiation by light microscopy criteria (i.e., intracellular keratin, intercellular bridging, pearl formation, and/or individual cell keratinization) (9) (10) (11) . All cell lines grew as an adherent monolayer in 25-cm 2 culture flask when maintained in RPMI 1640 medium supplemented with 10% FCS (v/v). NCI-H520 also grew as cellular foci when cultured at densities higher than 30 x 10 3 cells/cm 2 . Log phase cultures were maintained at 37 o C in a 5% CO 2 humidified atmosphere.
Trypsin treatment was carried out at 37 o C for 2 min with a mixture of 0.05% (w/v) trypsin and 0.02% (w/v) EDTA. After trypsinization, cells were counted in a hemocytometer chamber, diluted to appropriate numbers and seeded at densities of 20 x 10 3 to 180 x 10 3 cells/cm 2 .
Cell cultures and UV radiation experiments were performed on 96-well and 6-well culture plates. Cells were incubated at 37 o C in a 5% CO 2 humidified atmosphere for 24 h and then UV irradiated with a Philips UV lamp (256 nm, 40 W, 100 cm source-totarget distance) (8) . Cells were washed twice with HBSS buffer and UV irradiated at room temperature for 1 min (perpendicularly to the light source to avoid penumbra). The medium was replenished and cells were subsequently incubated for an additional period of 48 h. The surviving cell fraction was determined by the sulforhodamine ß (SRB)-staining assay as described elsewhere (12) . Briefly, adherent cell cultures were fixed in situ by adding 50 µl of cold 50% (w/v) trichloroacetic acid (TCA) (final concentration, 10% TCA) and incubating for 60 min at 4 o C. The supernatant was then discarded, and the plates were washed five times with deionized water and dried. One hundred microliters of SRB solution (0.4%, w/v, in 1% acetic acid) was added to each microtiter well and the culture was incubated for 10 min at room temperature. Unbound SRB was removed by washing five times with 1% acetic acid and the plates were air dried. The bond stain was solubilized with Tris buffer, and absorbance was read on an automated spectrophotometric plate reader at a single wavelength of 515 nm. Cell growth was assessed in the SRB-staining assay by whole culture protein determination, showing sensitivity and reproducibility. Because of its large linearity range, the SRB assay is suitable to study not only low density cultures but also subconfluent monolayers and multilayer cell clusters containing large amounts of cells (12) . Survival rates were calculated considering the plating efficiency of control cells simultaneously incubated for the same period of time as the irradiated cells. All cell lines at each density tested were irradiated as a uniform cell layer, since cells did not form clumps 24 h after seeding (the time needed for cells to recover from trypsin treatment). Therefore, cells were equally exposed to UV, since irradiation was carried out before cell aggregation.
DNA fragmentation analyses were performed as described by Obeid et al. (13) and Venable et al. (14) to provide an apoptotic index. Briefly, cells were seeded onto 6-well plates at a concentration of 60 x 10 3 cells/ cm 2 and incubated for 24 h in RPMI 1640 medium (3 ml/well) containing 10% FCS and 2.0 µCi/ml of [methyl-3 H]-thymidine (20 Ci/mmol; Amersham, Little Chalfont, England). Cells were washed twice with HBSS buffer, UV irradiated at room temperature as described above and replenished with medium without [methyl-3 H]-thymidine. Irradiated and control cells were then incubated for an additional 48 h and at the end of this period the medium (m) was aspirated and counted in a liquid scintillation counter. The cells attached to the plate were lysed with PBS containing 1% Triton X-100 and 0.2 µM EDTA and then centrifuged for 15 min at 14,000 rpm. Subsequently, both the supernatant (s) and the remaining pellet (p) containing larger DNA fragments were counted. The relative amount of medium and supernatant counts (f) were calculated by summing the counts in the medium and in the supernatant and dividing by the total counts:
The percentage of DNA fragmentation (F) was obtained taking into account irradiated and control cells:
where f 0 and f 1 are the relative amount of medium and supernatant counts of irradiated and non-irradiated cells, respectively.
The data were analyzed by the two-tailed Student t-test to establish significant intergroup differences. A P value less than 0.05 was considered to be significant.
Results and Discussion
The cell phenotypes of the A549, NCI-H596 and NCI-H520 cell lines at dispersed density of a 72-h culture are shown in Figure  1A , 1B and 1C, respectively. A549 and NCI-H596 cells displayed scattered cell distribution inside the cultured area, while NCI-H520 cells formed aggregated foci even prior to confluence. By contrast, the confluent 72-h cultures shown in Figure 1 indicate a high degree of cell-cell contact, exhibiting monolayers in A549 (1D) and NCI-H596 (1E) cell lines and an irregular multiple layer in NCI-H520 (1F) cells.
In order to expose cells to UV radiation at several degrees of cell-cell contact, cells were inoculated at densities ranging from dispersion to confluence (20-180 x 10 3 cells/ cm 2 ). The irradiations were carried out 24 h after cell seeding, the time needed for cells to recover from trypsin treatment. At this time cells were not organized in clumps but formed a single cell layer even at high density (avoiding irradiation of cells in aggregates). Growth inhibition as a function of cell density is presented in Figure 2 and indicates that the progressive increase in cell density led to increased resistance in A549, NCI-H596 and NCI-H520 cells. We observed that at confluent density (180 x 10 3 cells/cm 2 ) all three cell lines displayed equivalent UV sensitivity. However, the NCI-H520 cells at 60 x 10 3 cells/cm 2 showed significantly lower UV sensitivity when compared to the others (P<0.01). At the same density (60 x 10 3 cells/cm 2 ) there were also no significant differences in growth rates among the cell lines (P<0.05; Figure 3A) .
The surviving fractions were determined by the SRB assay and, according to the method of Keepers et al. (15) , SRB showed linearity in the absorbance x cell density function even for the high cell density endpoint (approximately 750 x 10 3 cells/cm 2 ). Pizao et al. (16) have established that the SRB-staining technique is suitable to assess The cells attached to the plate were lysed and then centrifuged for 15 min at 14,000 rpm. Subsequently, both the supernatant and the remaining pellet containing larger DNA fragments were counted. Percent DNA fragmentation was calculated by summing the counts in the medium and the supernatant and dividing by the total counts, taking into account irradiated and control cells as described in Material and Methods (13, 14) . The cells did not form clumps 24 h after seeding (the time needed for cells to recover from trypsin treatment); therefore, all cell lines were irradiated as a uniform cell layer. Data are reported as the mean ± SD (N = 3) and are representative of at least three experiments. *P<0.01 compared to the others (Student t-test).
both growth and growth inhibition of postconfluent cultures in V-bottomed 96-well microtiter plates, which provide greater cell aggregation conditions than the plates used in our experiments.
However, we further investigated the growth inhibition disparity at 60 x 10 3 cells/ cm 2 by verifying DNA sensitivity ( Figure  3B ). In contrast to NCI-H520, the A549 and NCI-H596 cell lines exhibited a high DNA fragmentation index, which is consistent with the cell growth inhibition values obtained by the SRB-staining technique.
Growing cells have been shown to be more susceptible to damage by antiproliferative agents when compared with cells in the stationary phase (17) . However, in our cell panel the simple proliferative status did not appear to account for the disparity in UV sensitivity of the cells, since there were no significant differences in the growth rates among the lines at 60 x 10 3 cells/cm 2 .
Kobayashi et al. (18) have reported that monodispersed mouse carcinoma cell lines are more sensitive to alkylating drugs than the cellular aggregates, and Kwok and Sutherland (19) showed that increased cellcell adhesion leads to cellular resistance to antiproliferative agents. Therefore, the inherent feature of NCI-H520 cells to form cellular foci even prior to confluence might provide further protection against UV damage. In contrast, the effects of UV radiation on both A549 and NCI-H596 cells might be enhanced due to a widespread isolated cell distribution at low plating densities (20-60 x 10 3 cells/cm 2 ). According to Mathieu et al. (20) , an increase in cell density (up to 20 x 10 3 cells/cm 2 ) in the NIH-OVCAR-3 cell line protects cells against apoptosis induced by TGF-ß1. Similarly, in our cell panel we observed a cell density-dependent survival of UV-irradiated cells.
Several studies on other cell lines have shown that cell culture phenotype can exclusively enhance cell growth, cell sensitivity and/or cell death-related pathways (3, 21, 22) . Growth inhibition of A549, NCI-H596 and NCI-H520 cell lines UV irradiated at different plating densities. Cells were pre-incubated for 24 h, exposed to UV, and then incubated for an additional 48 h and counted. Cell number was determined by the sulforhodamine ß-staining assay. The number of irradiated cells (T) after the final 72 h was then compared to the number of non-irradiated cells (C) incubated simultaneously for the same 72-h period. Growth inhibition (GI) was determined by the formula GI = (1 -T/C) x 100 (i.e., a T/C value of 0.3 means that cell culture grew only 30% of the control, giving a GI = 70%; alternatively, potential growth was inhibited by 70%) (8, 12) . All cell lines at each density tested were irradiated as a uniform cell layer, since the confluent cells did not form clumps 24 h after seeding (the time needed for cells to recover from trypsin treatment). Data are reported as the mean ± SD of five independent determinations at each cell density (N = 6). *P<0.05 and **P<0.01 compared to the others (Student t-test).
Cell We also previously found that, by preventing the formation of aggregates on a nonadherent substrate, the H520 cells become more sensitive to UV radiation, similarly to the H596 and A549 cell lines. In the same study, we also showed that in V-bottomed microtiter plates (an aggregated cell culture system) the cell lines exhibited equivalent growth rates and increased UV resistance (8) . Accordingly, our current results suggest that cell distribution in the cultured area and the degree of intercellular contact may be associated with cell behavior, providing further evidence that cell phenotype is crucial to the way cells respond to environmental stimuli.
A molecular approach suggests that the p53 pathway may be associated with cell phenotype and intercellular contact regulation, as shown in at least three cell lines. Gloushankova et al. (23) reported that p53 dysfunction leads to decreased cell dispersion and elongation in transformed fibroblasts and epitheliocytes and Bates et al. (6) reported that p53 has been implicated in the contact-regulated cell death of LIM 1863 colon carcinoma cells. In our cell lines, p53 status was previously studied and both A549 and H596 cells displayed wild-type p53 with mRNA and protein levels equivalent to those of normal lung cells, while H520 presented vestigial levels of wild-type p53 (24, 25) . Indeed, OConnor et al. (26) showed a functional p53 pathway in the A549 cell line. Therefore, the low p53 levels of H520 and its clustered cell phenotype could coordinately account for H520 cell resistance to UV. Conversely, the functional p53 pathway in A549 cells, associated with their dispersed cell culture phenotype, could account for UV sensitivity. These studies agree with our results, but this proposal needs to be further investigated.
